Abnormalities in the anatomy of pulmonary arteries may have heritable or environmental causes and involve a reduction or enlargement in transverse diameters of the blood vessels eg, congenital and developmental disorders, acquired intrinsic causes, extrinsic compression, and constriction. Pulmonary hypertension, pulmonary artery aneurysm and pseudoaneurysm, and idiopathic dilatation can also increase the diameter of a pulmonary artery. Multi-detector computed tomography (CT) is useful to evaluate each pulmonary artery and to diagnose the conditions that alter the diameter of the pulmonary artery. It is important to be familiar with the CT features of a variety of disorders to allow for accurate diagnoses and appropriate therapeutic management. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
Pulmonary artery (PA) size is measured where the main PA is bifurcated perpendicular to the vessel wall (1, 2) . Truong et al. (3) reported that normative reference values for the main PA were 29 mm in healthy men and 27 mm in healthy women and that the ratio of main PA to ascending aorta diameter was 0.9.
The right and left PA should be approximately equal in size, but the left PA appears to be slightly larger in most subjects.
Many congenital and acquired disorders involve PAs, and their diameters can be affected by these conditions (4) . Alterations of the PA diameter due to diseases can broadly be categorized as involving reductions or enlargements. The advantages of computed tomography (CT) include minimal invasiveness and the ability to produce multi-planar reformatted and threedimensional images. Additionally, CT can detect PA distal to obstructions that cannot be seen on an angiogram eg, PA wall thickening, enhanced PA, and other causes of dyspnea and underlying lung, pleural, and mediastinal diseases. Next-generation multi-detector CT (MDCT) instruments that require shorter acquisition times and thinner collimation can be used to evaluate PA beyond the segmental level, because of the higher spatial resolution. These images can also be used to lower the indeterminate CT pulmonary angiography (CTPA) rate because of faster scanning times (4, 5) .
In this article, we review the features of various disorders that decrease and increase PA diameters, with an emphasis on their MDCT appearance.
CT PROTOCOls
Optimal contrast PA opacification, with consistent and homogenous enhancement, is essential given that the causes of indeterminate CTPA are motion artifacts (74%) and poor contrast Spectrum of Multi-Detector Computed Tomography Findings that Alter Pulmonary Artery Diameters in Adults 성인에서 폐동맥을 변화시키는 다중검출 전산화단층촬영 소견의 분류 jksronline.org J Korean soc Radiol 2018;78(6):389-403 enhancement (40%) (6) . Contrast enhancement depends on patient weight, cardiac output, scan duration, and contrast delivery protocol, but no single injection protocol strategy can be applied universally for CTPA. After a region of interest is placed in the main PA, 80-120 μL/kg or 1.0-1.2 μL/kg of contrast media is injected more than 4 mm/s using an 18-G or 20-G catheter. It is recommended that a biphasic injection protocol is followed involving contrast injection followed by a saline bolus.
Saline-chasing and flushing reduce streak artifacts that arise from dense concentrations of contrast media in the superior vena cava. Bolus and automated bolus-triggering techniques have been preferred to traditional fixed-delay techniques, because the contrast arrival time for each patient. A caudocranial direction of acquisition is recommended because it reduces respiratory motion artifacts in the lower lobe; most emboli are located in the lower lobes (7) , although this is becoming less of a concern with the newest CT scanners and their faster scan times. The pulmonary embolism-specific setting helps to differentiate between emboli and artifacts. Electrocardiogram (ECG)-gated CTPA reduces cardiac motion and enables diagnosis of a sub-segmental embolus in the paracardiac PA. However, ECG gating is controversial because of longer scan times and higher radiation doses (8) .
DeCReAseD PUlmONARy ARTeRy DIAmeTeR
Disorders that reduce the diameter of PA have been classified into four categories: congenital or developmental disorders, acquired intrinsic, extrinsic compression, and constriction (Table   1 ) (9) . Systemic arterial supply to the lungs that includes bronchial and PA anastomoses with transpleural systemic anastomoses has been demonstrated in many cases of congenital and acquired diseases such as PA interruption and chronic PA obstruction (10) .
Congenital or Developmental Disorders
To understand congenital and developmental PA disorders, we must know how they develop. The central and peripheral portions of PA develop independently; the proximal portion is derived from the truncus arteriosus, and the peripheral portion is from the lung mesenchyme. The proximal portions of the left and right sixth aortic arches contribute to both main branches of the PA during the first 16 weeks of intrauterine development.
The distal part of the left sixth arch forms the ductus arteriosus, and there is an involution of the distal part of the right sixth arch (11) . An abnormality in this process results in PA interruption or agenesis. The peripheral capillary plexus is formed from the pulmonary mesenchyme by vasculogenesis. By 34 days' gestation, buds from the sixth arch arteries grow into primitive lungs and anastomoses with a capillary network around each prospective main bronchus.
In the pre-acinar region proximal to the alveolar duct, the arteries run with airways, and the branching pattern of arteries and airways is complete by mid-term gestation; later, the only airways and blood vessels (12) , and abnormalities in airway or alveoli growth will also affect the number of blood vessels and structures. Thus, hypoplasia of the pulmonary vessel is always associated with congenital or acquired underdevelopment of the lung or airway.
Pulmonary Artery Interruption
When regression of the distal segment of the sixth arch extends into the proximal segment, a discontinuity occurs between main and distal PA at the lung hilum. This condition is called unilateral absence or interruption of PA (13). The term "interruption" is preferred over "absence" because PA continues to develop independently and the intrapulmonary vascular network remains intact. The lung is supplied through systemic collateral vessels, including the bronchial, intercostal, internal thoracic, subclavian, and innominate arteries ( Fig. 1B, C) . The mediastinal portion of the affected PA is entirely absent or terminates within 1 have been used to detect small under-perfused PA (15, 16) .
Congenital Stenosis of the Pulmonary Artery
Congenital PA stenosis is thought to be a developmental anomaly and may be single or multiple, unilateral or bilateral, and peripheral or central. Franch and Gay (17) and left (n = 2) PA cases. Associated cardiovascular defects are more common in the main PA than in peripheral branch stenosis (18) .
Hypoplasia of Pulmonary Artery
Isolated congenital unilateral pulmonary hypoplasia is a rare condition in adulthood (19) . Hypoplasia of the PA may be associated with congenital or acquired underdevelopment of the lung lobe; because the blood vessels follow airway development embryologically (20) , hypoplasia of the pulmonary vessel is always associated with underdevelopment of the corresponding lung lobe and can be manifested as a parenchymal change (21) . Thus, lobar agenesis of the lung is combined with the absence of a corresponding lobar PA, and the ipsilateral PA is hypoplastic ( Fig. 3 ). Unilateral pulmonary vein atresia, which is thought to result from the failure of the common pulmonary vein to incorporate into the left atrium, is a rare congenital anomaly (Fig.   4 ). In unilateral pulmonary vein atresia, ipsilateral PA impairs growth and results in hypoplastic PA because of preferential perfusion of the contralateral PA (22) . Swyer-James syndrome is a manifestation of post-infectious obliterative bronchiolitis that occurs in infancy or childhood (23) ; the affected lung does not grow normally, resulting PA hypoplasia. CT findings for Swyer-James syndrome include a small ipsilateral PA and a hyperlucent small or normal-sized hemithorax on the affected side, with air trapping (Fig. 5 ).
Acquired Intrinsic Disorders

Chronic Pulmonary Thromboembolism
Most acute emboli undergo complete resolution with treatment. However, in some patients, the thromboemboli do not resolve completely and may end in endothelialized fibrotic obstruction of the PA (24) . Most cases result in vascular stenosis, but rarely does this translate into complete PA occlusion. CT findings for chronic pulmonary thromboembolism include complete or partial obstruction, eccentric thrombus, calcified thrombus, bands, webs, and post-stenotic dilatation (Fig. 6 ).
Chronic thrombotic occlusion of one main PA mimics PA interruption ( Fig. 7 ) (25) . Unlike a chronic pulmonary embolism, a PA interruption is characterized by smooth, abrupt tapering of the artery without an intraluminal change. Multiple bilateral PA abnormalities are a helpful diagnostic clue in a chronic pulmonary thromboembolism (Fig. 6 ).
Vasculitis of the Pulmonary Artery
Primary large vessel vasculitis (Takayasu arteritis and giant cell arteritis) may involve PA. CT findings are stenosis or occlusion of the segmental and sub-segmental arteries with wall thickening (26) .
Extrinsic Compression
Extrinsic PA compression is caused by tumors or an aortic aneurysm ( Fig. 8 ) (9) . Anterior mediastinal teratoma, Hodgkin's disease, thymic tumors, bronchial carcinoma, and mesothelio- 
Pulmonary Artery Constriction
Mediastinal fibrosis caused by anthracofibrosis or fibrosing mediastinitis may result in stenosis or PA occlusion ( Fig. 9 ). Although the cause is idiopathic, it is thought to be an abnormal immunologic response to histoplasmosis and tuberculosis. CT images show an infiltrative soft tissue mass that is frequently calcified and that obliterates normal fat planes and encases or invades adjacent structures (27) .
Idiopathic or constrictive pericarditis may result in PA narrowing, but these events are rare occurrences ( Fig. 10 ) (9, 28) .
PA stenosis is caused by calcified pericardial bands or rings (29) .
INCReAseD PUlmONARy ARTeRy DIAmeTeR
The upper limit of the standard diameter of main PA on CT is 29 mm (Fig. 11) , and that of the right interlobar PA is 17 mm ( Fig. 12) cally, it is organized into five groups: pulmonary arterial hypertension including idiopathic or congenital heart diseases (Figs. 11, 12) , PH due to left heart disease, PH due to lung diseases and/or hypoxemia, chronic thromboembolic PH, and PH with unclear multifactorial mechanisms (31) . Hemodynamically, PH is classified into two categories: precapillary (arterial) and post-capillary (venous) (32) . Precapillary PH is defined as pulmonary capillary wedge pressure greater than 25 mm Hg at rest or 30 mm Hg during exercise. The important feature in PH is vasoconstriction, predominantly at sub-segmental levels, which increases vascular resistance and results in dilatation of the central PA (Figs. 11, 12 ). PH can be reliably predicted by CT when the distal main PA is greater than or equal to 29 mm, and the segmental artery-to-bronchus ratio is greater than 1:1 in three of four lung lobes (32, 33) . Elevated PA pressure increases right ventricle (RV) pressure, which leads to right ventricular hypertrophy (RVH). CT findings for PH include central PA dilatation, abrupt narrowing or tapering of the peripheral PA, RVH, dilated bronchial arteries, and a mosaic perfusion of the lung (32) . The prevalence of chronic thromboembolic PH after acute pulmonary embolism is suggested to be 0.1-9.1% (34) , and CT findings include signs of PH, variable features of thrombi, collaterals, and mosaic perfusion of the lung. Lung disease is the most common cause of PH, and CT has shown pathologic changes from underlying obstructive or restrictive lung diseases (32) . In pulmonary valvular stenosis, blood flow is directed to left PA, resulting in its enlargement (35) . 
